Two hundred ninety-eight Rambouillet ewe and wether lambs approximately 9 mo old from Texas were allotted to pens (29 to 30 lambs/pen). Two replicate pens were fed each of five diets. Two methods of restricting energy intake were evaluated: altering nutrient density (55% vs 72.5% vs 90% concentrate levels) and restricting intake of the 90% concentrate pelleted diet (92.5% or 85% ad libitum intake). Daily gains were highest with the 72.5% concentrate level and feed efficiency was poorest with the 55% concentrate diet fed ad libitum. Altering nutrient density did not reduce energy intake because lambs compensated by increasing feed intake at the lower nutrient densities. Actual feed intake was 89.5% of ad libitum for the 92.5% of ad libitum intake level and 84% of ad libitum at the 85% of ad libitum intake level due to refusal to consume some fines from the 90% concentrate diet. Feed refusal was greatest for lambs with ad libitum access to feed. Average daily gain was depressed by 8% at the 85% intake level. However, feed efficiency was improved (P < .01) by 20% when intake was restricted to 92.5% of the ad libitum intake level. Differences in carcass traits were small, but consistent; carcass fat content was reduced slightly by restricting feed intake at constant slaughter weight.
Introduction
Sheep fattened for slaughter usually are fed ad libitum to maximize rate of gain and, 4Reference to a company or product name does not imply approval or recommendation of the product by the USDA to the exclusion of other products which may be suitable.
Received May 23, 1988 . Accepted September 22, 1988 presumably, feed efficiency, because maintenance cost is diluted. The most common difficulty with ad libitum intake is that dally intake may fluctuate greatly, resulting in digestive disturbances and potentially decreased feed efficiency. In studies summarized by Hicks et al. (1987) , restricting intake by an average of 8.7% below ad libitum reduced dally gain by 5.2% but improved feed efficiency by an average of 3.2%. Several reasons for improvement have been proposed. First, restricting intake may reduce fat deposition (Hicks et al., 1987; Peter, 1987) . Second, diet digestibility may be increased due to reduced rate of passage (Peter, 1987) . Third, some of the improved feed efficiency may be attributed to a decrease in size of liver and(or) small intestine because they no longer need to cope with overloads of metabolites due to fluctuations in intake (Baldwin et al., 1980; Koong et al., 1985) . The resultant decrease in energy 865 cost of these tissues would allow a greater proportion of the feed to be utilized for productive purposes. To date, no research is available on restricted intake for finishing sheep, though the high incidence of enterotoxemia in this species makes controlled feed intake particularly appealing. The objective of this study was to investigate the effect of energy restriction (either by decreasing nutrient density or by restricting intake) on performance and carcass composition of lambs.
Materials and Methods
Two hundred ninety-eight Rambouillet ewe and wether lambs from Texas, approximately 9 mo old.and weighing 37.6 kg, were allotted randomly to pens (29 to 30 lambs/pen) with two replicate pens assigned to each of five finishing diets (Table 1) . Two methods of restricting energy intake were evaluated: altering nutrient density (55% vs 72.5% vs 90% concentrate levels) and restricting intake of the 90% concentrate diet to 92.5% and 85% of ad libitum feed intake. Concentrate content of the diet was adjusted by adding alfalfa hay. Protein content of diets fed at restricted levels was increased to equalize daily intake of crude protein. Feed grade limestone was used to equalize calcium intake levels, and an ionophore 5 was included in all diets (18.2 mg/kg). All diets were pelleted through an 8-mm die using an all-grain pellet binder 6. It was necessary to increase pellet binder content of some diets to maintain pellet integrity (Table  1) . Amounts of feed offered to animals on restricted intakes were adjusted on alternate weeks based on the mean intake of the two pens of lambs with ad libitum access to the 90% concentrate diet.
Pens were made 5 m wide x 15 m long, partially covered with a roof and equipped with an automatic waterer. Animals with ad libitum access to feed had one self-feeder with 2.4 m of trough space per pen. Animals with restricted intakes were fed once daily in troughs 5.5 m long with access on both sides, enabling all animals simultaneous access to feed. Orts were removed from feeders weekly, weighed and discarded; intake was determined by difference. Prior to delivery to the station the lambs had grazed winter wheat pasture from early December until mid-February. The animals previously had been obtained from a commercial source. When received, lambs were placed on dormant bermudagrass pastures and provided alfalfa hay ad libitum for 14 d. The lambs were vaccinated against Clostridium perfringens type C and D and tetanus 7 and treated for internal and external parasites 8 after 7 d. After 14 d, the lambs were eartagged and assigned randomly to pens of 29 to 30 and fed a high-forage starter diet for 4 d (Table 1) . Following this, they were fed the 55% concentrate diet for 5 d, the 72.5% concentrate diet for 3 d, and then the 90% concentrate diet, except for the lambs remaining on the 55% and 72.5% concentrate diets. Lambs were shorn 6 d later and shrunk overnight, and initial weights were obtained. The 92.5% and 85% of ad libitum intake levels of the 90% concentrate diet were initiated at this time.
Interim weights (unshrunk) were measured every 14 d and feed consumption was recorded. Lambs that weighed 51 kg were sorted off, shrunk for 22 h, then re-weighed for a final weight. These animals were fed the 72.5% concentrate diet until they were transported to the slaughter plant one day later. Lambs were slaughtered in a commercial slaughter plant; carcasses were chilled 22 h prior to obtaining carcass data. Carcass weights were obtained and body wall thickness was measured 15 cm off the midline at the 12-13th rib as an estimate of fatness (Magid et al., 1981) . Yield and quality grades were estimated by a representative of the USDA, AMS grading service.
Each batch of feed was sampled as it was mixed. The feed was analyzed for crude protein by Kjeldahl (AOAC, 1975) , dry matter by oven drying 40 h at 960C and ash by combustion at 5500C for 4 h. Acid detergent fiber was measured by the procedure of Goering and Van Soest (1970) and starch by the procedure of MacRae and Armstrong (1968) . Apparent NEm and NEg were calculated from animal performance on a pen basis using a computer program described by Zinn (1987 ), with NRC (1985 Because the percentage of males in a pen varied from 40 to 71%, data were tested for the effect of sex and a sex x diet interaction. Sex was a significant factor for several variables, but the interaction of sex and diet was nonsignificant. Because sex was significant for several variables, the percentage of males in a pen was used as a covariate in the model for all data, and diet was tested using pen within diet as the error term and pen means as observations. Carcass data were analyzed by the same model, except that sex of the carcass was used as the covariate. Least squares treatment means were separated by the least significant difference method. All calculations were performed using the SAS (1985) General Linear Models procedure.
Results and Discussion
Lamb performance and carcass data are presented in Table 2 . Initial and final weights were similar for all treatments, except that final weights for lambs fed the 85% restricted diet tended to be lower than other treatments. The low daily gain on this treatment resulted in several lightweight lambs when the experiment was terminated. Average daily gains increased with concentrate level to a maximum at 72.5% but were reduced at the 90% concentrate level. This would suggest that the 90% concentrate level was too high to support maximal gains for pelleted high-concentrate diets. However, daily gains were increased by 15% (P < .05) by restricting intake of the 90% concentrate diet to 92.5% of ad libitum; gains were depressed (P < .05) by further restriction to 85% ad libitum.
Days on feed tended to be lower (P < .05) for lambs fed the low-concentrate diets and the 92.5% restricted intake diet, reflecting the higher rates of gain of lambs fed these diets. Days on feed were greatest (P < .05) for lambs fed the 85% restricted intake diet, reflecting the depressed daily gains of this group. Lambs fed the 55 and 72.5% concentrate diets increased their feed intake sufficiently to compensate for the reduced energy content of the diets, negating the use of energy dilution as a mechanism for restricting intake in this trial.
Reduction of feed intake by only 7.5% from ad libitum increased daily gains, whereas ET AL. restriction by 15% resulted in depressed gains. This indicates that lambs are very sensitive to the degree of feed restriction. The actual feed intake obtained by restriction was 89.5% of ad libitum for the 92.5% diet and 84% for the 85% ad libitum restriction diet; lambs fed the 92.5% level refused to eat some of the fines, whereas animals fed the 85% ad libitum diet consumed virtually all the feed offered. Animals on both restricted intake diets consumed most of their feed within 4 h after it was offered.
Feed efficiency was similar for the 90% and the 72.5% concentrate diets fed ad libitum as a result of the higher daily gains of lambs fed the lower-concentrate diet. Lambs fed the 55% concentrate diet had the poorest feed efficiency, reflecting the low energy content of this diet. Feed efficiency was improved substantially by the 92.5% restricted intake treatment. Restriction of feed to 85% of ad libitum tended to improve feed efficiency over the ad libitum high-concentrate diet, although this difference was non-significant. Apparent net energy for maintenance (calculated from animal performance) for the 90% concentrate diet fed ad libitum was similar to the value calculated using NRC (1985) values (1.96 vs 2.03 Mcal/kg). The low concentrate diets had similar NEro to that calculated from NRC (1985) values. There was a 14% increase in apparent NEro when the 90% concentrate diet was restricted to 92.5% of ad libitum intake and a 5% increase in the apparent NEm when the 90% concentrate diet was restricted to 85% of ad libitum. Calculated NEg values followed a similar pattern to NEro in that apparent NEg for the 90% concentrate diet fed ad libitum was similar to the value calculated from the NRC (1985) tables, as were the lowconcentrate diets. However, NEg was increased 17% by restricting intake to 92.5% of ad libitum compared with ad libitum and was increased 7% by restriction to 85% of ad libitum. Daily intake of apparent NEm (using NEm values calculated in this study) followed daily gains (R ---.895), as did daily intake of apparent NEg (R = .995).
The increase in feed efficiency in this trial was much greater than that observed in data summarized by Hicks et al. (1987) . However, they reported a 14% and a 19.8% improvement in feed efficiency for the last 84 d of one steer trial and the last 77 d of one heifer trial, respectively. Old and Garrett (1987) .=o E 5 !0 II a 20% improvement in feed efficiency in steers fed to gain at 85% of the rate of the ad libitum animals. Steers in their study that were restricted to gain only 70% of the rate of the ad libitum group had improved feed efficiency, similar to our lambs fed 85% ad libitum. Much of the improvement in feed efficiency of our group fed at 92.5% ad libitum can be attributed to a greater rate of gain than the ad libitum group. It may be argued that the pelleted 90% concentrate diet was deficient in roughage and depressed gains due to acidosis. However, no symptoms of acidosis were observed during the study. Calhoun (1975) observed that rate of gain increased when roughage level was increased above 10%, but diets used in this study were not pelleted. This may be the reason for the increased rate of gain in this trial; gains by beef cattle, where diets are not pelleted, generally are depressed slightly by energy restriction. Intake restriction ameliorated any problem condition present and restored gains to the level obtained with the 72.5% concentrate diet. Feed efficiency of the 92.5% ad libitum intake of the 90% concenIrate diet was greatly improved over the feed efficiency of the 72.5% concentrate diet, and net energy of maintenance and gain were increased more than with any other diet. Hicks et al. (1987) observed increased weight gains for restricted-fed animals during the last 84 d of a 140-d study, indicating that animals may have adapted to restriction. Lambs may adapt more rapidly than cattle to restricted intake regimens. In addition, the age or previous treatment may have facilitated adaptation to reswicted intake diets, because grazing wheat pasture has been shown to enhance subsequent feedlot steer performance (Phillips, 1986) . Feed efficiency was improved, albeit significantly, when feed intake was restricted to 85% of ad libitum, even though rate of gain was reduced (P < .01) by 20% compared with the 72.5% concentrate diet.
Apparent NErn and NEg of the diet were improved (P < .01; P < .01) by restriction of feed intake. Old and Garrett (1987) observed an improvement only in NEg. However, they pointed out that, due to the method of circulation, the solution for NEro and NEg is not unique. We had no animals fed at near maintenance to validate the partitioning of NE into portions for maintenance and gain.
Improvements in feed efficiency could be due to improved diet digestibility or due to more efficient use of the metabolizable energy. Old and Garrett (1987) did not observe a difference in digestibility or metabolizability of energy between maintenance and 2.5 times maintenance levels of intake (85% of the rate of gain of ad libitum animals). They did not establish whether digestibility or metabolizability of their steers fed at 3.5 times maintenance was reduced by higher feed intake; therefore, it cannot be determined directly whether the efficiency of use of metabolizable energy for gain was improved by restricted intake. It is difficult to obtain such high feed intakes in animals housed in stalls as those observed for high-producing animals with ad libitum access to feed to determine whether digestibility is depressed at high levels of intake.
Few differences in carcass traits among diets were detected (Table 2) . Carcass weights and dressing percentage were not affected by diet (P > .05), as a consequence of slaughtering at constant weight. Quality grade was lower (P < .05) and yield grade tended to be lower for restricted intake animals, whereas body wall thickness was not altered by diet. The lower yield grade and lower quality grade of animals fed the 85% ad libitum diet indicate that the carcass was leaner. Hicks et al. (1987) and Peter (1987) reported slight, but consistently lower, fat content of restricted intake steers and heifers as measured by percentage of kidney, heart and pelvic fat, fat thickness, and percentage of carcasses grading choice.
In most restricted intake studies with beef cattle in which carcass data have been taken, the percentage of carcasses grading choice has been reduced concurrent with a reduction in dally gains (Hicks et al., 1987 (Hicks et al., , 1988 when animals were slaughtered at a constant day on feed. There was a reduction in carcass weight on restricted intake regimens in those studies; this may account partially for reduced percentage of choice carcasses rather than dietary treatments per se. This concept is supported by the study of Zinn (1987) in which differences in carcass composition or other carcass parameters were minor when animals on restricted intake regimens had similar carcass weights as ad libitum animals. Animals in our study were slaughtered at constant body weights; this may have reduced differences in carcass quality.
Our study showed that changing nutrient density from 90% to 55% concentrate in a pelleted diet was neither effective nor efficient as a method to restrict energy intake in older feeder lambs. In contrast, restricting intake of a 90% concentrate diet to 89.5% of ad libitum intake improved feed efficiency by 20% without reducing rate of gain. Further restriction to 84% of ad libitum, however, depressed rate of gain and improved feed efficiency less. Although differences were small, the consistent carcass trends for quality grade and yield grade indicate that carcass fat content was reduced slightly by restricting feed intake.
Mild intake restriction appears to be a management tool that can substantially improve feed efficiency by fattening lambs.
